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[57] ABSTRACT

A novel combination weighing system which substan-
tially reduces the necessary time for each cycle of
operation as compared with the conventional combina-
tion weighing system. The system involves sampling a
welght indicative signal at a predetermined time point
prior to each weighing unit reading stabilization, calcu-
lating from each unstable weight indicative signal an
estimated stable weight indicative value, executing a

combination operation using the estimated stable
weight indication values, storing those combinations
obtained which satisfy a predetermined weight condi-
tion, and calculatmg the sum weights of the stored
combinations using weight indicative signals obtained

after stabilization of the weighing units to select a

combination whose sum weight satisfies the predeter-
mined weight condition.

9 Claims, 3 Drawing Figures
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1
COMBINATION WEIGHING SYSTEM

This invention relates to a combination weighing
system, and, especially to a novel and improved combi- 35
nation weighing system which enables significant re-
duction of the necessary time for each cycle of its opera-
tion. .

A combinatton weighing system is arranged gener-
ally to weigh products simultaneously by a plurality of 10
weighing units to obtain weight indicative signals, to
combine them in various fashion to select a combination
whose sum weight satisfies a predetermined weight
condition, and to discharge and collect the products in
those weighing units participating in this combination,
for delivery to a packing machine or the like. U.S. Pat.
No. 3,939,928 for example, discloses the combination
weighing principle. However, after being loaded with
product each weighing unit requires a substantial length
of time for its weight indicative signal to stabilize and it
1S necessary to wait for stabilization in order to improve
accuracy of measurement. However, this time required
for stabilization is significantly longer than the time
required for the subsequent combination arithmetic
operation, and has occupied most of the cycle time of 25
the device to impede improvement of its efficiency.
Although many efforts were made for reducing the
stabilization time of a weighing unit, they were confined
by correlation with measuring accuracy and have
reached their limits. U.S. Pat. Nos. 4,385,671 and
4,470,166 have proposed to improve efficiency of the
device with the stabilization time left unchanged. The
proposed system is so-called ‘“‘double-shift” system, in
which, before the weighing units having participated in
a selected combination reach stabilization after being 35
reloaded, the next combination operation is initiated
with the weight signals from those weighing units
which were not included in the preceding combination.
The “double-shift” system is epoch-making in view of
efficiency improvement, but the number of weighing 40
units included in each device must be at least twice the
number of weighing units forming the selected combi-
nation. As a result, the device has become massive and
expensive.

Accordingly, an object of this invention is to provide 45
combination weighing method and device which can
significantly reduce the time needed for each cycle of
operation without an increase in the number of weigh-
ing units as in the “‘double-shift” system.

The invention is based upon a discovery of the fact 50
that the necessary cycle time is shorter when the combi-
nation operation is effected by sampling the weight
signals at a specific time point before stabilization of
each weighing unit and providing a suitable correction
and then, after a combination satisfying a predetermined
condition is selected, add this combination for allowa-
bility using weight signal obtained after stabilization,
rather than the prior art system wherein the combina-
- tion operation is not initiated until after stabilization of
the weight signals. | 60

According to the combination weighing system of .
this invention, a plurality of weighing units are loaded
respectively with products and resultant weight indica-
tive signals are sampled before they reach stabilization.

A predetermined estimated deviation is subtracted from 65
each signal to calculate an estimated value of the weight
indicative signal after stabilization. A conventional
combination arithmetic operation is effected with such
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estimated values of respective weighing units and all of
those combinations satisfying a predetermined weight
condition are stored. After the respective weighing
units have reached stabilization, their weight indicative
signals are sampled again and summed in accordance
with the stored combinations to select a combination

‘whose sum satisfies a predetermined weight condition

for delivery of products from the weighing units be-
longing to this combination. |

These and other objects and features of this invention
will be described in more detail below in conjunction
with an embodiment thereof with reference to the ac-
companying drawings.

In the drawings:

FIG. 1 is a diagram representing a time-rate of
change of the weight indicative signal of a weighing
unit, used for an aid of explanation of the operational
effect of this invention, the time axis of the diagram
being partially exaggerated in scale for convenience:;

FIG. 2 1s a schematic block diagram representing an
embodiment of a combination weighing system accord-
ing to this invention; and |

FIG. 3 is a signal waveform diagram representing
timing signals utilized in the operation of the system of
FIG. 2, as shown in time correspondence to the diagram
of FIG. 1. _

As shown in FIG. 1, the weight indicative signal
produced by each weighing unit of a typical modern
combination weighing machine increases abruptly after
toading at time Tp up to a maximum value and, then,
decreases gradually to a stable value wgat time T3. The
time interval between Tgand T;is generally 500 to 500
milliseconds. In the prior art system, the combination
operation 1s effected after time T3 and the desired com-
bination selection ends at time Ts after about 100 milli-
seconds. Accordingly, the time interval from time Tpto
time T is about 600 to 700 milliseconds, most of which
1s required for stabilization of the weighing unit. In the
system of this invention, the combination operation
effected within the 100 millisecond interval between T
and Ts is effected within the 100 millisecond interval
between T and T> which is prior to time T3, and the
abovementioned combination selectiqn step is effected
within the interval between T3 and T4 As the latter
operation requires only about one millisecond, it is pos-
sible to obtain a time reduction of about 100 miilisec-
onds, that is, about 20 percent as compared with the
prior art system.

FIG. 2 shows an embodiment of circuit arrangement
in which the system of this invention is embodied. In the
drawing, weight indicative signals produced by a plu-
rality of (n) weighing units 10, 10y, . . . 10, are applied
respectively to inputs of an analog-to-digital convertor
and multiplexer (A/D Con. and MPX.) 12 which is
energized by a timing signal A of FIG. 3 to receive
weight indicative signal wj from each weighing unit at
time T of FIG. 1 and to digitize and apply it sequen-
tially in time division fashion to the plus (4-) terminal of
a subtracter 14, under control of a built-in control de-
vice. Qutput signals of a deviation memory 16 are ap-
plied to the minus (—) terminal of the subtracter 14. The
deviation memory 16 has n memory locations 16;, 169,
. . . 16, rerresponding respectively to the weighing units
. 10, and suitable values of deviation d;j can
be written therein individually by an input device, such
as key-board, not shown. The deviation di is an esti-
mated value of the difference dp between the weight
signal value wj at time T and its stable value wy after
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time T3 and may be determined experimentally based
upon the characteristic of each weighing unit. The devi-
ation memory 16 is also energized by the timing signal
A to read the values of deviation d; in the respective

memory locations in synchronism with the multiplexer
12 and to apply them sequentially in time division fash-

ion to the subtracter 14.

The subtracter 14 calculates the difference wi—d; of
both input signals and supplies sequentially this differ-
ence, that is, an estimated value of the stable value wgof
weight indicative signal to an estimated weight memory
18. The memory 18 has n memory locations 18, 18,, . .
. 18, corresponding respectively to the weighing units
104, 10,, . . . 10, and is energized by the timing signal A
to write incoming estimated values wi—d; sequentially
in the corresponding memory locations and also apply
them sequentially to a fixed contact a of a single-pole
double-throw switch 20, under control of a built-in
control device. The movable arm of the switch 20 is
normally in contact with the fixed contact a and the
output signals of the memory 18 are applied through the
switch 20 to a memory 22. Stmilarly to the memory 18,
the memory 22 1s also energized by the timing signal A
to write incoming signals respectively in corresponding
n memory locations 221, 22, . . . 22,, under control of a
built-in control device. Now, the estimated values of
weight indicative signals of the weighing units 105, 10,,
... 10, in their stable state have been stored in the re-
spective stages of memory 22.

The stages 22y, 22y, . . . 22, of memory 22 are con-
nected in parallel to a selective adder 24, and n-but
control signals are applied to the control input of the
selective adder 24 from a combination generator 26
through an n-pole double-throw switch 28 and a multi-
wire cable as indicated by a wide arrow. The combina-
tion generator 26 generates logic high and low levels at
its n bit outputs in accordance with predetermined com-
binations, and the selective adder 24 sums the input
signals from the memory 22 corresponding to the logic
high levels to provide combined sum signals, succes-
sively. The arrangement of combination generator 26
and selective adder 24 is common to combination
weighing devices and its configuration and operation
are described in detail in U.S. Pat. No. 4,336,852, for
example, so that no further description will be made
here.

‘The sum signals calculated in accordance with prede-
termined combinations are sequentially applied to one
input of each of two comparators 30 and 32. The other
input of the comarator 30 is coupled through a fixed

contact a of a single-pole double-throw switch 56 to an

upper limit resigter 34, and the other input of the com-
parator 32 1s coupled directly to a lower limit register
36. Upper and lower threshold values of a predeter-
mined allowable range of the sum weights are regis-
tered in the upper and lower limit registers 34 and 36,
respectively, by means of an input device such as key-
board, not shown. The comparators 30 and 32 are ar-
ranged to produce output signals, respectively, when
the output sum signal of the selective adder 24 f{alls
within the predetermined range and, at this time, an
AND gate 38 receiving the output signals of both com-
parators produces an acceptance signal. The acceptance
signal 1s applied through a {ixed contact a of a single-
pole double-throw switch 40 to a combination memory
42 as 1ts control signal.

The memory 42 has n stages 421, 423, . . . 42, corre-
sponding respectively to weighing units 10;, 10, . . .
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10, which are coupled respectively to n outputs of the
combination generator 26 through an n-bit multiwire
cable. The combination memory 42 stores a current
input signal, which is an n-bit binary digit, every time 1t
receives the acceptance signal from the AND gate 38

and, when the combination selecting operation has fin-
ished, it is storing all combinations having their sum

weights within the abovementioned allowable range.
This time point i1s T of FIG. 1 and it 1s necessary to set
the leading edge of the timing signal A, which 1s the
start point T, so that time T> is earlier than time T3 at
which the weight signal becomes stable.

The timmng signal A ends at about time T3 and an-
other timing signal B occurs next at time T3. As de-
scribed above, T3 is the time point at which the weight
indicative signal of each weighing unit reaches its stable
state and can be known previously by studying the
characteristic curve of each weighing unit. The timing
signal B turns switches 20, 28 and 40 from fixed contacts
a to fixed contacts b and, also, energizes the elements 12,
16, 18, 22, 42, 44, 46 and 48 to start their operations, as
described below. S

The timing signal B is applied first to A/D Con. and
MPX. 12 to energize it to apply current weight indica-
tive signals wg sequentially to an n-stage memory 44
which 1s similar to the memory 18, under control of 1ts
control device. The memory 44 1s also energized by the
signal B to write these weight signals wq of weighing
units 10;, 105, . . . 10, 1n the respective stages 441, 4, .
. . 44, and, then, apply them sequentially through the
minus { —) input of subtracter 46 and switch 20 to mem-
ory 22, under control of its built-in control device. On
the other hand, the memory 18 energized by timing
signal B applies the estimated weight values wi;—d;
stored in its stages sequentially to the plus (4 ) input of
subtracter 46, as in the case of timing signal A. Thus, the
subtracter 46 effects subtraction of both input signals
and applies their difference wi—wp—dj to one input of
an adder 48, the other input of which is coupled to the
output of deviation memory 16. The memory 16 1s also
energized by timing signal B to supply the estimated
deviations dj stored therein to adder 48, sequentially.
Thus, the adder 48 sums both input signals to obtain a
sum w;— wo=dgand supplies it to memory 16 to update
its content from d, to dg. As shown in FIG. 1, dp 1s
deviation of non-stabilized weight w; from stabilized
weight wg and 1s higher 1n accuracy than the estimated

- deviation dj. The value dgis used in the next operation
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cycle in place of di, thereby further improving reliabil-
ity of weight indicative signals supplied from memory
18 to memory 22. |

On the other hand, the stable weight indicative sig-
nals wg supplied from memory 44 through switch 20 to
memory 22 are applied also to selective adder 24 1n
response to timing signal B. Due to turnover of the
switch 28, the selective adder 24 is no longer controlied
by the combination generator 26 and its combination
control signals are supplied from the combination mem-
ory 42 through an n-bit multiwire cable and swiich 28 as
shown in FIG. 2. While the combination memory 42 is
storing information relating to plural combinations se-
lected during the selecting operation in the first step as
described above, it is energized by timing signal B to
apply them sequentially to selective adder 24 and sec-
ond combination memory 60 under control of its built-
in control device. Thus, the selective adder 24 sums the
incoming weight indicative signals wg in accordance
with its combination information and applies the resul-
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tant sum signals to comparators 30 and 32. Stmilarly, if
each of these sum signals falls within the upper and
lower limits stored respectively in registers 34 and 36,
~and AND gate 38 provides an acceptance signal
through switch 40 to combination memory 60. The
combination memory 60 has n memory locations 60,
60,, . . . 60, connected respectively to the stages 42,
425, .. .42, of combination memory 42, and is arranged
to store a current output signal of combination memory
42 therein in response to the acceptance signal.

The output sum signal of selective adder 24 is also
applied to an input of weight registor or memory 58
which is arranged to respond to the acceptance signal
from AND gate 38 to update its content to the current
input signal. The output of memory 58 is connected to
another fixed contact b of single-pole double-throw
switch 56. The output of AND gate 38 is also coupled
to “set” termmal S of flip-flop circuit 50 whose Q out-
put 1s connected to one input of AND gate 54. The
other input of AND gate 54 is connected to the Q out-
put of second flip-flop circuit 52 and the output of AND
gate 54 1s connected to a control terminal of switch 56.
While the flip-flop 52 has been reset previously by a
loading signal LOAD applied to its “reset” terminal R
at time Tg, as shown in FIGS. 1 and 3, it is set by a
timing signal C applied to its “set” terminal S at time Ts.
While the flip-flop 50 is reset by the timing signal C
applied to its “reset” terminal R, it is set by the accep-
tance signal from AND gate 38. Thus, the AND gate 54
produces an output signal to turn the switch 56 to the
fixed contact b. This causes the comparator 30 to use
thereafter the content of weight register 58 as the upper
limit of allowable range of weight in place of the con-
tent of upper limit register 34, and this status is main-
tained until the flip-flop 52 is reset by the next loading
signal LOAD. As the content of weight memory 58 is
updated to current input in response to acceptance sig-
nal from AND gate 38, it approaches gradually the
content of lower limit register 36. At the same time, as
the content of combination memory 60 is also updated
to current input combination information in response to
every acceptance signal, combination memory 60
should store a combination whose sum weight falls
within a predetermined range of weight and is equal or
nearest to the lower limit of all possible combinations,
that is, the desired combination. This time point is T4 of
F1G. 1 and the interval between time T3 and time Ty is
only one millisecond, as described above. The content
of combination memory 60 is applied to unloading and
loading devices of respective weighing units in response
to an end signal END appearing just after this time
point, to unload and load those weighing units specified
by the combination information (for example, high level
outputs). |

The source of the timing signals of FIG. 3 has neither
been shown nor been described since it can be easily
designed and manufactured by those skilled in the art.
The tlip-flop 52 is provided for preventing the switch 56
from turning over in the first step of combination opera-
tion with the estimated weight signals wi—d1, and it is
possible to use other means such as actuation of flip-flop
50 by timing signal B. While the control device built in
each memory has not been described, it can also be
designed adequately by those skilled in the art. While
the information transfer between the elements 12 to 22
and 44 to 48 has been described as being effected in time
division fashion; concurrent transfer can be effected by
means of multiwire cables and multipole switches. In
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this case, the number of the elements 14, 46 and 48 must
be n each.

Although the above embodiment has been arranged
to obtain a combination whose sum weight is within a
predetermined range and equal or nearest to the lower
limit of this range, the weight condition is not limited
thereto. For example, the condition may be set such that
the sum is merely equal or nearest to a predetermined
target value, or that it is merely with a predetermined
range of weight. Suitable selecting circuits for these
conditions can be designed easily with reference to the
circuits disclosed in U.S. Pat. No. 2,089,153, for exam-
ple.

I claim:

1. A combination weighing method, comprising the
steps of: |

loading each of a plurality of weighing units with

products to be weighed and sampling the resultant
weight indicative signals before they become sta-
ble,

subtracting a predetermined estimated deviation from

each of said sampled unstable weight indicative
signals to calculate an estimated value of the
weight indicative signal having become stable,
effecting predetermined combination arithmetic op-
erations with said calculated estimated values and

storing the resultant information indicative of all
~ combinations whose sum weights satisfy a prede-
termined weight condition,

summing said sampled stable weight indicative sig-
nals in accordance with said stored combinations to
select from said stored combinations a combination
whose sum weight satisfies a predetermined weight
condition.

2. The method according to claim 1, wherein the
difference between said unstable weight indicative sig-
nal and said stable weight indicative signal is calculated
and then used in place of said predetermined estimated
deviation.

3. A combination weighing device, comprising:

a plurality of weighing units for weighing product,
each unit being adapted to produce a weight indic-
ative signal,

means for sampling said weight indicative signals
before they become stable after loading of said
weighing units,

means for subtracting a predetermined estimated de-
viation from each of said sampled unstable weight
Indicative signals to calculate an estimated value of
said weight indicative signal having become stable,

means for effecting predetermined combination arith-
metic operations with said calculated estimated
values and storing the resultant information indica-
tive of all combinations whose sum weights satisfy
a predetermined weight condition,

means for sampling said weight indicative signals
after they become stable, and

means for summing said sampled stable weight indic-
ative signals in accordance with said stored combi-

~ nations to select from said stored combinations a
combination whose sum weight satisfies a predeter-
mined weight condition.

4. The device according to claim 3, wherein said
device further comprises means for calculating the dif-
ference between said unstable weight indicative signal
and said stable weight indicative signal, and means for
substituting said calculated difference for said predeter-
mined estimated deviation.
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5. The device according to claim 3, wherein said
combination selecting means include means for select-
ing a combination whose sum weight satisfies a second
weight condition in addition to said predetermined
weight condition.
6. A combination weighing method comprising the
steps of:
loading a plurality of weighing units with product to
be weighed, each unit being adapted to generate a
signal indicative of the weight of product on the
unit, said weight-indicative signal being unstable
for a period of time after the unit 1s loaded;

sampling the unstable weight-indicative signals of the
weighing units;
calculating from each unstable weight-indicative sig-
nal an estimated stable weight-indicative value; and

effecting combination arithmetic operations using
said estimated stable weight-indicative values to
obtain information indicative of one or more com-
binations each having a sum weight which satisfies
a predetermined weight condition.

8

7. The method of claim 6 further comprising the steps |
of: storing said information indicative of said one or
more combinations; ,,

sampling said weight-indicative signals after they

5 become stable; and
effecting combination arithmetic operations 1n accor-.

dance with said one or more combinations using
said stable weight-indicative signals to obtain infor-
mation indicative of the sum weights of said one or

10 more combinations to select therefrom a combina-
tion having a sum weight which satisfies a prede-
termined weight condition. |

8. The method of claim 7 wherein said estimated
stable weight-indicative value is calculated by subtract-

15 ing a predetermined estimated deviation from said sam-
pled unstable weight-indicative signal.

9. The method of claim 8 wherein, in carrying out
said step of effecting combination arithmetic operations
using said stable weight-indicative signals, said prede-

20 termined estimated deviation is replaced by the differ-
ence between said unstable weight-indicative signal and

said stable weight-indicative signal.
¥ 3 % ** L
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,570,728 Page 1 of 2
DATED . February 18, 1986
INVENTOR(S) ©  Yoshiharu Toyoda

It 1s certified that error appears in the above—identified patent and that said Letters Patent
IS hereby corrected as shown below:

Column 1, line 18, "3,939,928 for" should read -- 3,939,928,

for --. Column 1, line 19, "product each" should read

-— product, each --, Column 1, line 20, "stabilize and" should
read -- stabilize, and --. Column 1, line 54 "correction"
should read -- correction, --. Column 1, line 56, "add" should
read -- checking --. Column 2, line 32, "500 to 500" should
read -- 500 to 600 -~. Column 2, line 62, "n" should read

-- n --. Column 2, line 63, "rerresponding”" should read

-— corresponding --. Column 3, line 12, "n" should read

-- n --. Column 3, line 17, "a" (second occurrence) should read
~- a --. Column 3, line 20, "a" should read -- a --. Column 3,
line 25, "n" should read -- n --. Column 3, line 34, "n-pole"
should read -- n-pole -~~, Column 3, line 37, "n" should read --
n --. Column 3, line 51, "a" (first occurrence) should read --
a4 --. Column 3, line 52, "resigter" should read -- register

-=. Column 3, line 64, "a" (second occurrence) should read -- a
-—. Column 3, line 67, "n" should read -- n --. Column 4, line
l, "n" should read -- n --. Column 4, line 2, "n-bit" should

read -- n-bit --. Column 4, line 4, "n-bit" should read
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Column 4, line 20, "b" should read -- b --. Column 4, line 25,

"n-stage” should read -- n-stage --, Column 4, line 59, "n-bit"
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